Objective. The view that the general practitioner (GP) should be more involved during the curative treatment of cancer is gaining support. This study aimed to assess the current role of the GP during treatment of patients with colorectal cancer (CRC). Design. Historical prospective study, using primary care data from two cohorts. Setting. Registration Network Groningen (RNG) consisting of 18 GPs in three group practices with a dynamic population of about 30 000 patients. Subjects. Patients who underwent curative treatment for CRC (n ϭ 124) and matched primary care patients without CRC (reference population; n ϭ 358). Main outcome measures. Primary healthcare use in the period 1998 -2009. Findings . Patients with CRC had higher primary healthcare use in the year after diagnosis compared with the reference population. After correction for age, gender, and consultation behaviour, CRC patients had 54% (range 23 -92%) more face-to-face contacts, 68% (range 36 -108%) more drug prescriptions, and 35% (range -4 -90%) more referrals compared with reference patients. Patients consulted their GP more often for reasons related to anaemia, abdominal pain, constipation, skin problems, and urinary infections. GPs also prescribed more acid refl ux drugs, laxatives, anti-anaemic preparations, analgesics, and psycholeptics for CRC patients. Conclusions. The GP plays a signifi cant role in the year after CRC diagnosis. This role may be associated with treatment-related side effects and psychological problems. Formal guidelines on the involvement of the GP during CRC treatment might ensure more effective allocation and communication of care between primary and secondary healthcare services.
Introduction
In countries where the general practitioner (GP) acts as a gatekeeper to the healthcare system, the GP traditionally plays an important role for patients with cancer: in early detection [1, 2] , managing comorbidities and psychosocial issues [3] , and palliative care [4] . In the Netherlands, the expected increase in the prevalence of cancer is likely to impose a considerable burden on the healthcare system [5] . According to the Dutch Cancer Society, this highlights the need for an effective resource allocation between primary care and secondary care [6] . fi ndings were reported in a study conducted in Denmark concerning all cancer types [13] , but the reasons associated with health care use were not examined in this study.
Treatment-related side effects of surgical treatment for CRC, chemotherapy, and radiotherapy may have a major impact on patients ' lives and perceived quality of life [14, 15] . Whereas the role of the GP in diagnostic and referral pathways of CRC has been extensively studied [2] , little is known about the effect of CRC treatment and its side effects on patients ' healthcare use in primary care. Therefore, the aim of the current study is to assess the GP ' s role during curative treatment of patients with CRC by an analysis of health care use in the fi rst year after diagnosis.
Material and methods

Design and setting
Healthcare use of patients during the fi rst year after CRC diagnosis was compared with an age-and gender-matched reference population from the same general practice, in a historical prospective study. Healthcare utilization data were extracted from the database of the Registration Network Groningen (RNG). This GP registration network, founded in 1989, collects data from 18 GPs in three group practices in the northern part of the Netherlands with about 30 000 patients [16] . In accordance with the privacy instructions of the RNG, anonymized patient records were used. Because the study was in agreement with the regulations for publication of routinely registered healthcare data, no further offi cial approval was required.
Participants and data collection
The study population was determined by selecting RNG patients with a fi rst diagnosis of CRC between 1998 and 2009, using the D75 code (colon or rectum malignity) of the International Classifi cation of Primary Care (ICPC) version 1 [17] . The date of referral by the GP was used as the date of diagnosis. When unavailable, the fi rst date of recording the D75 code (39.6% of cases) in the electronic patient record was used. The CRC diagnosis was validated in the GPs ' practices and additional information about the CRC stage, treatment, and recurrence was retrieved by examining specialist reports and hospital records. Figure 1 shows the process of identifi cation and inclusion of study patients. Patients with a CRC diagnosis before 1998 (n ϭ 90) were excluded because the recording of healthcare use by the RNG before 1998 was unavailable. Patients not treated with curative intent (n ϭ 70) were also excluded, because palliative treatment of cancer is likely to generate excessive or atypical healthcare use in primary care [18] .
A reference population of patients without CRC was identifi ed in the RNG database. Each CRC patient was individually matched (if possible) with three patients (with a minimum of one) on gender, age ( Ϯ 1 year), and GP to control for recording and prescribing by GPs and for regional factors such as socioeconomic status. Four patients with CRC could not be matched with at least one patient from the reference population and were excluded. Also, eight patients and their references were excluded from data analysis because the patients were not registered at the GP ' s offi ce at the time of diagnosis. This study is the fi rst to analyse disease-specifi c primary health care use of patients treated with curative intent in the fi rst year following diagnosis of colorectal cancer (CRC).
The general practitioner plays a signifi cant • role in the year after CRC diagnosis. CRC patients show higher primary health • care use compared with the reference population in the fi rst year after diagnosis. This higher health care use may be associ-• ated with treatment-related side effects and psychological problems. Finally, 124 patients with CRC and 358 reference patients were available for analysis. Data collected were entered in an anonymized database and consisted of patient contacts recorded by the GPs using ICPC codes, prescribed medication automatically classifi ed according to the Anatomical Therapeutical Chemical (ATC) classifi cation [19] , and referrals (in which the CRC referral was included).
Data analysis
Database management and statistical analyses were performed in Microsoft Access 2010 and IBM SPSS version 20, respectively. Due to the skewed distribution of the data, statistical analyses were performed using non-parametric tests and negative binomial regression analysis. To compare characteristics between patients and the reference population, the Mann -Whitney U-test was used.
Annual healthcare utilization rates in the year after diagnosis were calculated by dividing the number of face-to-face contacts, drug prescriptions, and referrals by the observation time. Face-to-face contacts consisted of consultations in general practice, as well as visits to patients ' homes made by GPs or other general practice workers. The annual healthcare utilization rates in the year prior to diagnosis were also calculated to allow for a comparison with utilization rates after diagnosis. Differences in median face-to-face contact, drug prescription, and referral rates between CRC patients and the reference population were analysed using the Mann -Whitney test.
Wilcoxon ' s signed rank test was used to compare the healthcare use before and after diagnosis within the two groups.
To assess the size of the difference in healthcare use after diagnosis between CRC patients and the reference population, a multivariate negative binomial regression analysis was performed. To adjust for patients ' gender, age, and healthcare utilization rates before diagnosis, these variables were included in the model. Differences in observation time were accounted for by including the log-transformed observation time since diagnosis as an offset variable in the model.
A univariate negative binomial regression analysis was performed to evaluate whether specifi c characteristics of CRC patients (gender, age, TNM stage, and received therapy) were associated with higher rates of face-to-face contacts, prescribed medication, and referrals since diagnosis.
To examine reasons for primary healthcare use, numbers and percentages of CRC patients and the reference population with any face-to-face contact by ICPC code and any drug prescription by ATC code in the year after diagnosis were calculated. Differences in reasons for primary healthcare use between CRC patients and the reference population based on ICPC codes were tested with the Chi-square test.
Results
Characteristics of patients with CRC (n ϭ 124) and the reference population (n ϭ 358) are presented in Table I . Characteristics of the patients with colorectal cancer (n ϭ 124) and the reference population (n ϭ 358). Table II shows the annual healthcare utilization rates and numbers and percentages with at least one contact/prescription/referral of patients and the reference population in the period before and after CRC diagnosis. Patients had signifi cantly more face-to-face contacts, prescriptions, and referrals compared with the reference population (MannWhitney test, p Ͻ 0.01) in both the year before and after diagnosis. Face-to-face contact rates and prescription rates showed a signifi cant increase after diagnosis (Wilcoxon signed rank test, p Ͻ 0.01) in patients and in the reference population. Signifi cantly more patients had at least one contact and referral before diagnosis, and signifi cantly more patients had at least one contact, prescription, and referral after diagnosis (Chi-square test).
When corrected for age, gender, and healthcare use before diagnosis, results of the multiple negative binomial regression showed that patients had 54% more face-to-face contacts, 68% more drug prescriptions, and 35% more referrals in the year after diagnosis compared with the reference population (Table III) .
Furthermore, univariate negative binomial regression analysis showed that only a higher age was associated with more face-to-face contacts after diagnosis. Higher rates of prescribed medication and referrals before diagnosis were associated with these rates after diagnosis. None of the other patient characteristics (as shown in Table I ) were associated with higher healthcare use after diagnosis (data not shown).
Table IV presents the reasons for GP contacts and the prescribed medication in the year after diagnosis for CRC patients and the reference population. Signifi cantly more patients contacted their GP for anaemia, abdominal pain, constipation, and urinary infections. Signifi cantly more patients than those from the reference population were prescribed the following medication: acid refl ux drugs and laxatives, mineral supplements, anti-anaemic preparations, analgesics, psycholeptics (mainly hypnotics and sedatives), and cough/cold preparations.
Discussion
This study explored the involvement of the GP during curative treatment of CRC. Patients showed higher healthcare use in primary care in the year after diagnosis compared with the reference population, and also compared with their healthcare use before diagnosis. Adjusted for gender, age, and healthcare use before diagnosis, patients had 54% more face-toface contacts, 68% more drug prescriptions, and 35% more referrals after diagnosis compared with Table III . Rate ratios and 95% confi dence intervals (CI) for face-to-face contacts, drug prescriptions, and referrals for patients with colorectal cancer in the year after diagnosis compared with the reference population. the reference population. Neither treatment nor tumour stage was associated with higher healthcare use. More patients consulted their GP for reasons related to anaemia, abdominal pain, constipation, skin problems, and urinary infections compared with the reference population. GPs also prescribed more acid refl ux drugs, laxatives, anti-anaemic preparations, analgesics, and psycholeptics (mainly hypnotics and sedatives). A major strength of this study is the use of a prospective primary care database to analyse and compare the healthcare use of patients with and without CRC. The presentation of healthcare problems was recorded by the GPs of the registration network, making recall or non-response bias less likely than in self-reported survey data [20] . By matching on GP, any inaccuracies in recording and prescribing were evenly distributed among CRC patients and the reference population [12] . Revalidating the data with specialist reports in GPs ' practices and available hospital records increased the likelihood that the patient information was correctly recorded by the GP.
In the Netherlands almost every inhabitant is registered with a GP [21] . Therefore the RNG database is population-based. This population is comparable to the Dutch population in terms of gender and age with slightly more adults aged 25 -44 and women [22] . Nevertheless, care provided by the 18 GPs on the RNG might differ from other GPs in the Netherlands, possibly limiting the generalizability of the study results. Another limitation of the current study is the small number of patients, limiting the statistical power to fi nd signifi cant associations between patients ' characteristics and higher health care use. The fi nding that CRC patients have higher healthcare use in the year after diagnosis compared with the reference population is in line with an earlier Dutch study among patients with breast cancer and a Danish study among patients with all types of cancer [12, 13] . Although not a focus of the present study, our fi ndings show that CRC patients also have higher healthcare use during the year before diagnosis. This elevated healthcare use before diagnosis was not observed in patients with breast cancer [12] . This might be due to the fact that, in contrast to breast cancer symptoms, most symptoms associated with CRC are common and relatively innocent, and because single symptoms have a low predictive value for CRC [2] . In the Danish study an increase Table IV . Reasons for primary healthcare use among patients with colorectal cancer (CRC) (n ϭ 124) and patients from the reference population (n ϭ 358) in the year after diagnosis. CRC patients n (%) in primary healthcare use was also seen three months before diagnosis [13] . Future research should further examine contact frequency and reasons associated with higher healthcare use in CRC patients in the period prior to diagnosis. The elevated healthcare use before diagnosis might also be explained by a higher prevalence of comorbidity in CRC patients. According to our fi ndings, received treatment and CRC staging were not associated with higher healthcare use in primary care after diagnosis. Problems associated with more aggressive treatments or more advanced cancer may be presented more in secondary care than in primary care.
The increased contact frequency for constipation, pain, micturition problems, and psychological problems might be related to the surgical therapy for CRC [23 -26] . The aforementioned reasons for GP contacts and prescribed medication may also be related to chemotherapy (often associated with adverse effects such as nausea and diarrhoea) [27, 28] or to radiotherapy (rectal bleeding, pain, bowel and urinary problems) [29, 30] . Comorbidity is known to affect healthcare use [10] . However, analysis of the reasons for primary healthcare use based on the ICPC and ATC codes did not show increased healthcare use for chronic comorbidities, such as cardiovascular diseases, diabetes mellitus, and chronic obstructive pulmonary disease (COPD). Therefore, it is unlikely that the differences between the CRC patients and the reference population are due to differences in comorbidity.
Although no formal role has been established, the GP is involved in the treatment of problems associated with the side effects of curative CRC treatment. Furthermore, the GP is involved in the prescription of hypnotics and sedatives. The view that GPs and other primary care physicians should play a more formal role in all stages of cancer care is gaining support. Formal guidelines on the involvement of the GP during CRC treatment might ensure a more effective allocation and communication of care between primary and secondary healthcare services.
